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RESUMEN
Al mezclar isatina (1) y 2-oxoindol (2) en condiciones de
catálisis ácida, se obtiene una indol-2-ona 3-substituida
(isoíndigo) 3 y no la indol-3-ona 2-substituida (indirrubi-
na) 4. El bioxiindol rinde exclusivamente la d-lactama ter-
modinámicamente estable, cis-diastereoisoméricamen-
te pura de la benzonaftiridin-5,11-diona 6 vía doble
reordenamiento catalizado por ácido, y se reduce segui-
damente a diazacriseno (7). El tratamiento del isoíndigo
(3) con hidrato de hidrazina da las pirazinas en forma tau-
tomérica 8a ↔ 8b. Al someter la isatina (1) a la reacción
de Witting, se obtienen las 3-ariliden-1,3-dihidroindol-2-
onas 10a-c y 11a-c con buenos rendimientos. Se docu-
menta y racionaliza esta dicotomía de comportamiento
de la isatina.
Palabras clave: Isatina, Isoíndigo, Indirrubina, Diaza-
criseno.
SUMMARY
Isatin (1) and 2-oxoindole (2) mixed in acid-catalyzed con-
ditions gave a 3-substituted indole-2-one (isoindigo) 3
and not a 2-substituted indole-3-one (indirubin) 4. The
bioxindole afforded exclusively the thermodynamically
stable cis-diastereoisomerically pure d-lactam of ben-
zonaphthyridine-5,11-dione 6 via two-fold acid-cataly-
zed rearrangements, and was subsequently reduced into
diazachrysene (7). The treatment of isoindigo (3) with
hydrazine hydrate gave pyrazines in tautomeric form 8a
↔ 8b. Isatin (1) was treated by Witting reaction to give 3-
aylidene-1,3-dihydroindol-2-ones 10a-C/11a-c in good
yields. This dichotomy of behaviour of isatin is docu-
mented and rationalized.
Key words: Isatin. Isoindigo. Indirubin. Diazachrysene.
RESUM
En barrejar isatina (1) i 2-oxoindole (2) en condicions de
catàlisi àcida, s’obté una indol-2-ona 3-substituïda (isoin-
di) 3 i no la indol-3-ona 2-substituïda (indirubina) 4. El bio-
xiindole rendeix exclusivament la d-lactama termodinà-
micament estable, cis-diastereoisomèricament pura de
la benzonaftiridin-5,11-diona 6 via doble reordenament
catalitzat per àcid, i es redueix seguidament a diazacrisè
(7). El tractament de l’isoindi (3) amb hidrat d’hidrazina
dóna les pirazines en forma tautomèrica 8a ↔ 8b. Es sot-
metre la isatina (1) a la reacció de Witting, s’obtenen les
3-ariliden-1,3-dihidroindol-2-ones 10a-c i 11a-c amb bons
rendiments. Es documenta i racionalitza aquesta dico-
tomia de comportament de la isatina.
Mots clau: Isatina, Isoindi, Indirubina, Diazacrisè.
INTRODUCTION 
In the last decades, isatin 1 has been an important subs-
trate in both pharmaceutical and dyes syntheses(1). Isatin
1 has attracted considerable interest in organic synthesis
and medicinal chemistry for several years(2-7). Recently it
is reported that indole-2,3-dione 1 is useful scaffold for
generating potential drug molecule(8, 9). We have previously
reported the conversion of isatin 1 into the corresponding
γ-lactones(10-12). In this research work, we report here the
improved studies of the reactivity of isatin 1 with 2-oxoin-
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dole by acid-catalyzed rearrangement. This reaction takes
place in the presence of acetic/hydrochloric acids to give
di-lactam 6, which was reduced by LiAlH4 into diazachry-
sene 7 in 80% yield. To study the reaction of isatin 1 with
2-oxoindole 2 in acid-catalyzed, an unknown compound
is formed initially and rearrangements occurs into dimer
of bioxindole 3, which makes possible conversion into
pyrroline formation. This compound 3 reacted with hydra-
zine hydrate to give compound 8a ↔ 8b in tautomeric form
through the Dimroth rearrangement. If proved correctly,
this new compound can be used as synthetic intermedia-
te or as bi-dentate ligand.
RESULTS AND DISCUSSION
The reaction mixture of isatin 1 and 2-oxoindole 2 in 1:1
mole ratio in the presence of acetic-hydrochloric acids was
studied and proceeded spontaneously in different condi-
tion at refluxing temperature to afford dimer of isoindigo 3
as show in (Scheme 1). Although the expected(13, 14) indiru-
bin 4 was not detected in the reaction products, isoindigo
3 was isolated and identified from its spectral characte-
ristics. IR absorption for C = O, occurred at 1702 cm–1 and
not at 1730 cm–1 as was expected for indirubin 4(15). The
mass spectral pattern for isoindigo 3 is different from that
of indirubin 4(16). 
The UV-VIS spectrum of isoindigo 3 in ethanol shows λmax
at (482,363 and 295 nm) which is different from that of indi-
rubin 4 λmax at (550,367 and 296 nm) and resembles closely
that of isoindigo 3(17) as outlined in (Figure 1). In 1H NMR
spectrum of isoindigo 3, one singlet, two doublets and two
doublet of doublet resonance signals from the protons in
the base unit were observed. The singlet signal at δ 10.98
(s, 2H, 2-NH) ppm was assigned to amide proton H-1 and
H-1’. The two doublet signal at δ 6.86 and 9.08 ppm was
assigned to H-4, H-4’ and H-7, H-7’ respectively with the
same coupling constant (2JHH = 7.8 Hz). The doublet of dou-
blet signals at. δ 7.00 and 7.37 ppm was assigned to H-5,
H-5’ and H-6, H-6’ with the same coupling constant (2JHH =
1.2 and 7.8 Hz).
Scheme 1
Figure 1.  UV-VIS spectrum of isoin-
digo 3 in 50 mg/10 ml of ethanol.
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The double bond in Isoindigo 3 was reduced
with Zinc in HCl/AcOH yielded a mixture of
optically inactive compound 5 in 90% yield
as a mixture of the meso and racemic form
in a 1:1 ratio due to the integration in NMR
and GC/Ms. In the Gc/Ms and FAB-Mass
spectrum of isomeric structure of compound
5 show the mixture of optically inactive of
meso and racemic form which appeared at
M/z 528 (M.+), 10.51% ; 529(M+1), 4.02%
(height as sole product. This revealed that
the two isomers were joined through hydro-
gen bonding as outlined in Figure 2. 
In the 1H NMR spectrum of 5, four singlet,
two triplet and one multiplet resonance sig-
nals from the protons in the base unit were
observed. The two singlet signals with strong
down field at δ 10.382 and 10.722 ppm were
assigned to NH and the other two singlet
signals upper field at δ 4.10 and 4.20 ppm
were assigned to H-3 and H-3’. But the two
triplet signals with down field at δ 7.07 and
7.21 ppm with the same coupling constant
2JHH = 8.1 Hz and one multiplet resonance
signals at δ 6.79 ppm. Refluxing 5 with 4 N
HCl yielded a diastereoisomerically pure δ-
lactam 6 which was treated with LiAlH4 to
yield the corresponding hexahydro-dia-
zachrysene 7 in 80% yields as shown in
Scheme 2. The stereochemical outcome of
the rearrangement of 5 into 6 was investi-
gated by 1H NMR and FAB-GC/MS since
two diastereoisomeric structures were com-
patible with 6. 
The trans-isomer possesses a center of
symmetry and, therefore, is achiral. The cis-
isomer has a C2 axis and is expected to give
diastereoisomers when reacted with an opti-
cally pure compound. In the FAB-Mass
spectrum of two diastereoisomeric struc-
ture of optically inactive 6 show the mixtu-
re of trans-isomer and cis-isomer appea-
ring at M/z 529 (M+1), 7.51% height as sole
product. This revealed that the two isomers
were joined through hydrogen bonding as
outlined in Figure 3.Figure 2.  Mass Spectrum of isomeric structure 5 in (Meso and Racemic) form.
Figure 3.  Mass Spectrum of isomeric structure 6 in (Meso and Racemic) form.
Scheme 2
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In the 1H NMR spectrum (CDCl3) of 6 the methine protons
appeared as a singlet signal but in presence of a chiral sol-
vent, it was split into two singlet signals indicating clearly
that the ring junction in 6 is cis. In addition, a strong NOE
between H-C(11)/H-C(5) and H-C(10)/H-C(4) in 7 confirmed
our previous observation(10-12).
Another piece of evidence to support our assignments for
the two isomeric structure of 5 in cis- and trans- isomers
were obtained from the MM2 calculations for the minimum
and total steric energy, as illustrated in figures 4 and 5. It
is important to point out that we have examined steric ener-
gies from 74.239 kcal/mole to the lowest energy structure
at 1.8946 kcal/mole over 98 iterations for the cis isomeric
structure of 5, as illustrated in figures 4. Compared to the
steric energies from 58.871 kcal/mole to the lowest energy
structure at 6.110 kcal/mole over 56 iterations for the trans
isomeric structure 5, as illustrated in (figures 5). The lone
pairs into nitrogen and all the Pi system was taken into
consideration is because both parameters are incorpora-
ted into conjugation which was effect on the calculations,
and also due to high VDW interactions, some terms were
not computed during the run. Minimization terminated nor-
mally, because the gradient norm was less than the
minimum gradient norm (RMS Gradient = 23.714).
Aforementioned data was illustrated that the steric energy
difference was calculated for the two diastereoisomers (cis
and trans-isomers) of 5. 
∆ E = Esteric cis-isomer (74.239 kcal/mole) – Esteric trans-isomer (58.871
kcal/mole) = +15.368 kcal/mole. Comparable to the ste-
ric and minim energy difference of cis-isomer of 5,  ∆ E =
Esteric cis-isomer (74.239 kcal/mole) – Eminim cis-isomer (1.8946 kcal/mole)
= +72.368 kcal/mole. The steric and minim energy diffe-
rence of trans-isomer was calculated as,  ∆ E = Esteric trans-isomer
Figure 4. MM2 Calculations for Cis-isomer of 5.
Steric Energy of Cis-isomer of 5; Minim Energy of Cis-isomer of 5;
Stretch:     19.1661 Stretch:     0.6509
Bend:     71.9267 Bend:     18.4259
Stretch-Bend:     –4.7866 Stretch-Bend:     –0.1962
Torsion:     –12.0119 Torsion:     –12.5997
Non-1,4 VDW:     –3.9340 Non-1,4 VDW:     –4.0620
1,4 VDW:     4.8203 1,4 VDW:     5.0067
Dipole/Dipole:     –0.9415 Dipole/Dipole:     –5.3310
Total:     74.2390 Total:     1.8946
Steric Energy:    74.239 Kcal/mole Minim Energy:    1.8946 Kcal/mole
Figure 5. MM2 Calculations for Trans-isomer of 5.
Steric Energy of Trans-isomer of 5; Minim Energy of Trans-isomer of 5;
Stretch:     18.1357 Stretch:     1.0025
Bend:     29.6163 Bend:     19.0339
Stretch-Bend:     –3.3080 Stretch-Bend:     –0.1758
Torsion:     –12.0332 Torsion:     –10.8040
Non-1,4 VDW:     24.5809 Non-1,4 VDW:     –2.3744
1,4 VDW:     4.9284 1,4 VDW:     4.8022
Dipole/Dipole:     –3.0487 Dipole/Dipole:     –5.3741
Total:     58.8714 Total:     6.1103
Steric Energy:    58.871 Kcal/mole Minim Energy   6.1103 Kcal/mole
(58.871 kcal/mole) – Eminim trans-isomer (6.110 kcal/mole) = +52.761
kcal/mole. So that, the minimum-energy conformation of
the cis-isomer was +1.8946 kcal/mole and that of the trans-
isomer was +6.110 kcal/mole for the two isomeric struc-
ture 5.
There’s another piece of evidence to support our assign-
ments for the two isomeric structures of 6 in cis-isomer
and trans-isomer were obtained from the MM2 calcula-
tions for the minimum and total steric energy, as illustra-
ted in (figures 4 and 5). It is important to point out that we
have examined steric energies from 86.982 Kcal/mole to
the lowest energy structure at –14.3628 Kcal/mole over 106
iterations for the cis isomeric structure 6, as outlined in
figure 4. Compared to the steric energies from (85.006
Kcal/mole) to the lowest energy structure at –7.0871
Kcal/mole over 68 iterations for the trans isomeric struc-
ture 6, as outlined in figure 5. The lone pairs into nitrogen
and all the Pi system were taken into consideration is becau-
se both parameters are incorporated into conjugation which
was effect on the calculations, and also due to high VDW
interactions, some terms were not computed during the
run. Minimization terminated normally, because the gra-
dient norm was less than the minimum gradient norm (RMS
Gradient = 43.814). An energy difference of ca. 42KJ/mole
was calculated for the two diastereoisomers. The mini-
mum-energy conformation of the cis-isomer was –9.5
KJ/mole and that of the trans isomer +333KJ/mole.
Aforementioned results was illustrated that the steric energy
difference was calculated for the two diastereoisomers (cis
and trans-isomers) of 6, ∆ E = Esteric  cis-isomer (86.982 Kcal/mole)
– Esteric  trans-isomer (85.006 Kcal/mole) = +1.976 kcal/mole.
Comparable the steric and minim energy difference of cis-
isomer 6, ∆ E = Esteric cis-isomer (86.982 Kcal/mole) – Eminim cis-isomer
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(–14.3628 Kcal/mole) = 72.6192 kcal/mole. Compare to the
steric and minim energy difference of trans-isomer ∆ E =
Esteric trans-isomer (85.006 Kcal/mole) – Eminim trans-isomer (-7.0871
Kcal/mole) = +77.9189 kcal/mole. So that, the minimum-
energy conformation of the cis-isomer was -14.3628
Kcal/mole kcal/mole and that of the trans-isomer was
–7.0871 Kcal/mole for two diastereoisomers structure 6.
Isoindigo 3 reacted with hydrazine hydrate at room tem-
perature to give pyrazines in tautomeric form 8a ↔ 8b in
45% yield as outlined in Scheme 3, which we planned to
use this new compound as bidentate ligand. This pyrazi-
nes 8a and 8b were detected by 1H NMR, exist chemical
shift of (N-H) appear at δ 10.35 ppm for pyridazine (1,2,
dihydro) ring and not at δ 8,5 ppm for the γ–lactame ring of
five member ring. This result was consistent to our pre-
vious investigation(18).
The reactivity of isatin 1 was examined also by the reac-
tion of phosphorane compound such as aryltriphenylp-
hosphonium chloride 9a-c in the presence nBuLi in hexa-
ne through Witting reaction(19) to give compound
10a-c/11a-c, as shown in (Scheme 4), which was purified
by column chromatography to isolate Z-isomer (12, 15,
Figure 6. MM2 Calculations for Cis-isomer of 6.
Steric Energy of Cis-isomer of 5; Minim Energy of Cis-isomer of 5;
Stretch:    5.7932 Stretch:      0.6489
Bend:    70.3657 Bend:     1.8913
Stretch-Bend:     –0.5236 Stretch-Bend:     –0.0300
Torsion:     –2.6498 Torsion:     –8.0225
Non-1,4 VDW:    –4.1735 Non-1,4 VDW:     –4.3546
1,4 VDW:   6.4390 1,4 VDW:     5.2416
Dipole/Dipole:     –8.2686 Dipole/Dipole:     –9.7374
Total:     86.9824 Total:     –14.3628
Steric Energy    86.982 Kcal/mole Minim Energy    –14.3628 Kcal/mole
Figure 7. MM2 Calculations for Trans-isomer of 6.
Steric Energy of Trans-isomer of 5; Minim Energy of Trans-isomer of 5;
Stretch:     32.3660 Stretch:     1.2442
Bend:     57.0838 Bend:     5.1598
Stretch-Bend:     –3.5221 Stretch-Bend:     0.1081
Torsion:     –3.3743 Torsion:     –7.4410
Non-1,4 VDW:     2.9607 Non-1,4 VDW:     –0.8523
1,4 VDW:     5.4573 1,4 VDW:     4.2645
Dipole/Dipole:     –5.9654 Dipole/Dipole:     –9.5704
Total:     85.0060 Total:     –7.0871 Kcal/mole
Steric Energy:    85.006 Kcal/mole Minim Energy    –7.0871 Kcal/mole
Scheme 3
Scheme 4
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16%) and E-isomer (27, 74, 77%). The pure E-isomer can
be isolated only by crystallization from chloroform/diethyl
ether or ethanol in good yield. The 1H NMR spectra of the
two isomers (Z- of 10a-c and E- of 11a-c) were in agree-
ment with the product obtained by the reactions of 2-
oxoindole 2 and arylaldehydes [a)-aryl = benzyl;  b) aryl
= tolyl; c) aryl = anisyl] in (1:1) mole ratio in the presence
of base(19-21).
EXPERIMENTAL
1H NMR spectra were recorded on Varian Plus 300 (300
MHz) or Bruker XL 300 (300 MHz) instruments, the 13C NMR
spectra (with DEPT 135) on a Bruker WP80 or XL 300 ins-
trument. Infrared Red spectra listed as recorded ‘neat’
refer to a thin film of material on NaCl disks, and were
taken on a Perkin Elmer 1600 FT-IR spectrometer. Mass
points were recorded on a Kratos Concept instrument.
Melting points were measured on an electrothermal digi-
tal melting point apparatus and are uncorrected. The Rf
value reported for TLC analysis was determined on
Macherey-Nagel 0.25 mm layer fluorescent UV254 plates
with the indicated solvent system. Elemental analyses were
performed by M-H-W Laboratories (Phoenix, AZ) at
University of Murcia, M, Spain.
3-(2,3-Dihydro-2-oxo-1H-indol-3-ylidene)-2,3-dihydro-
1H-indol-2-one (3). A suspension of oxoindole 2 (5 gm,
3.6 mmol) and isatin 1 (5.5 gm, 3.6 mmol) in AcOH
(100 mL) and HCl (3 mL) heated under reflux for over-
night. The reaction mixture was cooling and the solid resi-
due was collected by filtration, washed with AcOEt and
recrystallized from ethanol to yield 99 % of isoindigo 3,
mp 365-367 ºC. (lit.,(22) mp >300 ºC.; lit.,(23) mp >325 ºC.;
lit.,[24, 25] mp 364 ºC).; Uvnm(C2H5OH/25ml/10mg); λma 482
(ε/dm3mol–1 1.086), λmax 444 (ε/dm3mol–1 0.957 ); λma 395
(ε/dm3mol–1 0.419), λmax 363 (ε/dm3mol–1 2.751); IR
(Nujol)/cm–1: υC=O, 1702, υC=C, 1616, υNH, 3190, 3130,
1H NMR (300 MHz, DMSO-d6)] δ; 6.86 [d, 2H, 2JHH = 7.8 Hz
Ar-H(4,4’)], 7.003 [t, 2H, 2JHH = 7.8 Hz, Ar-H(5,5’)], 7.37
[t, 2H, 2JHH = 7.8 Hz, Ar-H(6,6’)), 9.08 [d, 2H, 
2JHH = 7.8 Hz,
Ar-H(7,7’)), 10.92 (s, 2H, 2-NH) ppm. Anal. Calc. for
C16H10N2O2:(262.27) C 73.27, H 3.84, N 10.68. Found: C
73.30, H 3.85, N 10.45.
[3,3´-bi-1H-Indole]-2(3H),2´(3H)-dione (5). A suspension
of isoindigo 3 (2.8 gm, 10.60 mmol) in AcOH (10mL) and
cooled to 0 ºC. Zn dust (1.6 gm, 24.66 mmol) was added
portion wise while the conc. HCl (1 mL) was added drop-
wise during stirring. The reaction mixture was stirred at RT
for overnight. Filtered and the filtrate was concentrated
then extracted by 10% Na2CO3 solution. The solid residue
was collected by filtration and washed several times with
H2O under suction. mp; 263-265 (dec.). IR (cm
–1): υC=O,
1704, υC=C, 1620, υNH, 3180-3602; 1H NMR (300 MHz,
DMSO-d6) δH 4.10 (s, 1H, CH), 4.20 (s, 1H, CH), 6.79 (m, 6H,
Ar-H), 7.07 (t, 1H, 2JHH = 8.1 Hz, Ar-H), 7.21 (t, 1H, 
2JHH = 7.8
Hz, Ar-H), 10.382 (s, 1H, -NH), 10.722 (bs, 1H,-NH) ppm. 13C
NMR (75 MHz, DMSO-d6, ppm); 30.716(CH), 45.73(CH),
109.393, 109.473, 121.272, 121.385, 123.069, 123.432,
125.979, 127.226, 128.218, 128.295, 142.752, 143.334,
176.175(C=O), 177.286(C=O). FAB-Mass spectrum; 550.8
[M+H2O], 6.57; 529 [M+1], (4.02); 528 [M.
+], (10.51); 328
(3.18); 306(8.26); 288(6.41); 287(6.21); 286(29.69); 285(5.10);
265(18.39); 264 [M.+–264], (100); 263 (46.35); 262 (7.90); 236
(7.36); 218 (6.98); 175 (11.54); 165 (3.53); 155 (3.45); 154
(13.69); 153 (47.01); 152 (4.09); 137 (15.62); 136 (27.66); 135
(34.24); 132 (15.44); 131 (26.56).; Anal. Calc. for C32H24N4O4;
(528.57); C 72.71, H 4.57, N 10.59. Found: C 72.60, H 4.73,
N 10.41.
cis-4b,10b-Dihydrodibenzo[c,h]naphthyridine-
5(6H),11(12H)-dione (6). A suspension of 5 (2.51 gm, 1mole)
in 100 mL (4 N HCl) was refluxed for overnight. The reac-
tion mixture was cooled, filtered and the product collec-
ted by filtration washed with H2O several times under suc-
tion and dried to afford the solid residue in 95 % yield mp.>
300 ºC. IR (cm–1): υC=O, 1660, υC=C, 1592, υNH, 3192, υNH,
3456. 1H NMR (200 MHz, DMSO-d6) δH 4.1295 (s, 2H, CH),
6.69 (m, 8H, Ar-H), 10.4385 (s, 2H, -NH). FAB-Mass spec-
trum; 528 [M.+], (6.26); 307(3.98); 306(15.10); 288(8.35);
265(18.74); 264 [M.+–264], (100); 263 (42.23); 262 (7.84); 236
(8.55); 234(3.23); 218 (7.78); 166(3.13); 165 (3.93); 164 (3.94);
155 (4.31); 154(18.40); 153 (65.14); 152 (5.05); 151 (5.90);
149(3.01); 145(7.30); 138(9.55); 137 (21.61); 136 (40.33); 135
(45.05); 134(5.49); 132 (3.80); 131 (6.20); 123(6.92); 122(5.73);
121(3.67); 120(5.38); 119(8.55); 118(4.31); 114(3.34).; Anal.
Calc. for C32H24N4O4; (528.57); C 72.71, H 4.57, N 10.59.
Found: C 72.80, H 4.60, N 10.62.
cis-4b,5,6,10b,11,12-Hexahydrodibenzo[c,h][2,6]
naphthyridine-(7). Portionwise, 6 (0.105 gm, 2 mole) was
added to a stirred suspension of LiAlH4 (0.376 g, 10 mmol)
in dry THF (20 ml). The mixture was refluxed for 4 h. then
cooled to 0o and quenched by careful addition of a sat.
aq.  Na2SO4 soln. The solid material was removed by fil-
tration and the cake washed with AcOEt. The filtrate was
concentrated to afford crystalline material which was recrys-
tallized (MeOH) to give pure 7 (37.5 g, 79%), mp. 188-190
ºC. IR (cm–1):, υC=C, 1600, υNH, 3192, υNH, 3456. 1H NMR
(200 MHz, CDCl3) δH 3.12-3.45 (m, 6H), 4.12 (s, 2H), 6.5-6.69
(m, 4H, Ar-H), 7.1-7.26 (m, 4H, Ar-H) ppm. Anal. calc. for
C16H16N2: C 81.35, H 6.78, N 11.86. Found: C 81.20, H 6.82,
N 11.83.
bis[1,1´-Dihydro-indo(3,2-c)]pyrazine (8a) or bis[-
indo(3,2-c)]-1,2-dihydro-pyrazine (8b). A suspension of
isoindigo 3 (1.31 gm, 0.005 mole) in ethanol, hydrazine
hydrate (4 mL) was added during stirring at RT for 6 h
and then refluxed for 10 h. The reaction mixture was coo-
led, concentrated then added H2O (10 mL) and filtered to
isolate the solid product recrystalized from ethanol
to give 60% yield mp. 108-110 ºC.; IR (cm–1): υC=N, 1662-
1682, υC=C, 1618.0, 1584 υNH, 3100, υNH, 3456; 1H NMR
δH (200 MHz, CDCl3), 6.86 (d, 2H, 2JHH = 8.29 Hz, Ar-H),
7.02345 (t, 2H, 2JHH = 8.76 Hz, Ar-H), 7.189 (d, 2H, 
2JHH =
6.7 Hz, Ar-H), 7.27 (d, 2H, 2JHH = 7.6 Hz, Ar-H), 8.223 (bs,
2H, 2NH).; Anal. calc. for C16H10N4(528.28), C 74.40, H 3.90,
N 21.69. Found: C 70.21, H 5.69, N 9.87.; HRMS found
258.09.
3-Arylidene-1,3-dihydroindol-2-ones from Isatin by Witting
reaction. Prepared according to the literature method(19).
A 1.6 M solution of nBuLi in hexane (0.38 cm3, 0.61 mmol)
was added to a suspension of aryltriphenylphosphonium
chloride 9a-c (0.61 mmol) in diethyl ether (8 cm3) and sti-
rred for 30 min under nitrogen. Isatin 1 (200 mg, 0.41 mmol)
was added to give a yellow suspension which was stirred
for 20 h. The mixture was filtered, and the solid residue
was washed with diethyl ether (4 x10 cm3), benzene/diethyl
ether (1:1, 2 x 5 cm3), diethyl ether (2 x 10 cm3), and water
(3 x 10 cm3) and then dissolved in dichloroethane and sti-
rred with anhydrous MgSO4. The suspension was filtered
over anhydrous MgSO4 and the clear solution concentra-
ted to 1 cm3. Diethyl ether was added to precipitate yellow
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10a-c/11a-c as Z/E mixture (1:2) in good yields. The resi-
due subjected to column chromatography on silica gel
[ethyl acetate-hexane (1:3)] and/or (dichloromethane) to
give.
(Z-)3-benzylidene-2,3-dihydro-1H-indol-2-one 10a. A
deep orange needles (29.5 mg, 32%) mp 180-181 ºC (from
dichloromethane) (lit.,(20, 21, 24) mp 180-181 ºC); IR (cm–1):
3604, 2889, 2666, υC=O, 1694.0, 1604, υC=C, 1462, 1376,
1306, 720.; 1H NMR (200 MHz, CDCl3) δ (CDCl3) 6.72 (2H,
m), 7.18-7.70 (6H, m), 8.14-8.53 (2H, m). Further elution
afforded.
(E-)3-benzylidene-2,3-dihydro-1H-indol-2-one 11a. A bright
yellow needles (68 mg, 70%), mp 175-176 ºC (from dich-
loromethane), (lit.,(20, 24) mp 174-176 ºC); 1H NMR (200 MHz,
CDCl3) δ (CDCl3) 6.70-6.99 (2H, m), 7.07-7.78 (7H, m), 7.84
(1H, s) and 9.23(1H, br s).
(Z-)3-(4-methylbenzylidene)-2,3-dihydro-1H-indol-2-one
10b. Soft yellow needles (29 mg, 30%) mp 214-215 ºC.;
(lit.,(20, 21) mp 205-206 ºC); IR (cm–1): 3604, 2889, 2666, υC=O,
1694.0, 1604, υC=C, 1462, 1376, 1306, 720.; 1H NMR (200
MHz, DMSO) δ (DMSO) 8.31 (d, 2H, J = 8.2 Hz, NH), 7.60-
7.54 (3H, m), 7.33-7.29 (d, 2H, J = 8.0Hz, Ar-Hm), 7.20-7.14
(1H, m), 6.88-6.83 (d, 2H, J = 9.0Hz, Ar-Ho), 6.80-6.79(1H,
s), 2.36(3H, s).; Further elution afforded.
(E-)3-(4-methylbenzylidene)-2,3-dihydro-1H-indol-2-one
11b. A yellow crystal (74 mg, 77%) mp 195-196 ºC.;
IR (cm–1): 3600-2890, υC=O, 1695, 1615, υC=C, 1465,
1376, 1306, 720.; 1H NMR (200 MHz, DMSO) δ (DMSO)
8.74 (s, 1H, NH), 7.82 (s, 1H, C=CH-Ar), 7.72-7.68 (d, 1H,
J = 7.6Hz, Ar-H7), 7.61-7.56 (d, 2H, J = 8.04 Hz, Ar-Ho),
7.30-7.25 (d, 2H, J = 8.81Hz, Ar-Hm), 7.17 (s, 1H), 6.93-
6.83 (m, 2H), 2.43(s, 3H).; Anal. Calc. for C16H13NO;
(235.28); C 81.68, H 5.57, N 5.95. Found: C 81.57, H 5.60,
N 5.88. 
(Z-)-3-(4-methoxylbenzylidene)-2,3-dihydro-1H-indol-2-
one 10c. A bright yellow needles (25 mg, 24%) mp 174-
176 ºC.; IR (cm–1): 3600-2900 (-NH), υC=O, 1695.0, 1612,
υC=C, 1466, 1380, 1300, 725.; 1H NMR (200 MHz, CDCl3) δ
(CDCl3) 8.35 (d, 2H, J = 8.0 Hz, NH), 6.77-7.90 (7H, m) 3.83
(3H, s).; next eluted was of.
(E-)-3-(4-methoxylbenzylidene)-2,3-dihydro-1H-indol-2-
one 11c. A deep orange needles (56 mg, 54%) mp 156-
158 ºC.; 1H NMR (200 MHz, CDCl3) δ (CDCl3) 8.75 (s, 1H,
NH), 7.85 (s, 1H, C=CH-Ar), 7.70 (d, 1H, J = 7.7 Hz, Ar-H7),
7.59  (d, 2H, J = 8.04 Hz, Ar-Ho), 7.27 (d, 2H, J = 8.04 Hz,
Ar-Hm), 7.17 (s, 1H), 6.93-6.83 (m, 2H), 3.85 (s, 3H).; Anal.
Calc. for C16H13NO2; (251.28); C 76.47, H 5.21, N 5.57. Found:
C 76.25, H 5.20, N 5.62. 
ii) From 1,3-dihydroindol-2-one 2. Prepared accord-
ing to the literature method(19-21). Equimolecular amounts
(0.01 mol) of 1,3-dihydroindol-2-one 2 and of the appro-
priate arylaldehydes (aryl= benzyl, tolyl, anisyl) in met-
hanol (20 mL) and piperidine (0.2 mL) were heated
under reflux for 10 h., the solvent was partially eva-
porated after cooling, the colored solid residue was fil-
tered off and washed with a large amount of water
to give (yields 90%, the crude adducts of E/Z-confi-
guration.
CONCLUSIONS
We successfully converted the isatin 1 in acid-catalyzed
into isoindigo 3 and not indirubin 4 in excellent yields and
also into 3-Arylidene-1,3-dihydroindol-2-ones (10a-c/11a-
c) by Witting reaction. Treatment of isoindigo 3 with hydra-
zine hydrate gave pyrazines 8. The bi-oxindole afforded
exclusively the thermodynamically stable cis-diastereoi-
somerically pure δ-lactam of benzonaphthyridine-5,11-dio-
ne 6 via two fold acid-catalyzed rearrangements which was
reduced into diazachrysene 7 and Another evidence was
supported the assignments for the two isomeric structure
in cis- and trans- isomers were obtained from the MM2 cal-
culations for the minimum and total steric energy was also
documented.
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